The dopamine transporter gene (DAT) has been implicated in a variety of disorders, including bipolar disorder, attention-deficit hyperactivity disorder, cocaine-induced paranoia, Tourette's syndrome, and Parkinson's disease. As no clear functional polymorphism has been identified to date, studies rely on linkage disequilibrium (LD) to assess the possible genetic contribution of DAT to the various disorders. A better understanding of the complex structure of LD across the gene is thus critical for an accurate interpretation of the results of such studies, and may facilitate the mapping of the actual functional variants. In the process of characterizing the extent of variation within the DAT gene, we have identified a number of single nucleotide polymorphisms (SNPs) suitable for LD studies, 14 of which have been analyzed, along with a 3Ј repeat polymorphism, in a sample of 120 parent-proband triads. Calculations of pairwise LD between the SNPs in the parental haplotypes revealed a high degree of LD (P Ͻ 0.00001) in the 5Ј (distal promoter through intron 6) and 3Ј (exon 9 through exon 15) regions of DAT. This segmental LD pattern is maintained over approximately 27 kb and 20 kb in these two regions, respectively, with very little significant LD between them, possibly due to the presence of a recombination hotspot located near the middle of the gene. These analyses of the DAT gene thus reveal a complex structure resulting from both recombination and mutation, knowledge of which may be invaluable to the design of future studies.
Introduction
Disturbances in dopaminergic systems have been implicated in the etiology of several neuropsychiatric disorders, including bipolar disorder, attention-deficit hyperactivity disorder (ADHD), schizophrenia, and Tourette's syndrome. The dopamine transporter (DAT) mediates the active reuptake of dopamine, a key neurotransmitter in the regulation of mood and movement, from the synapse into the presynaptic terminal. 1 DAT is the principal regulator of synaptic dopamine concentration, as well as the duration of dopamine activity, and thus plays a critical role in the regulation of dopaminergic transmission. As the site of action of cocaine and amphetamine, which inhibit dopamine reuptake, DAT may be an important element in psychostimulant reward, leading to abuse of such substances. 2 DAT is also involved in the accumulation of certain neurotoxins into dopaminergic neurons leading to Parkinson's disease. 3 The DAT gene has been mapped to chromosome 5p15.3, 4 and its entire sequence, spanning nearly 60 kb, has recently been elucidated. 5 DAT has been pursued as a candidate gene in numerous disorders, and DAT sequence variants have been analyzed in attempts to determine its possible genetic contribution to these disorders. Studies of a 40-bp variable number of tandem repeats (VNTR) in the 3Ј untranslated region have revealed an allelic or genotypic association with bipolar disorder, 6 ADHD, 7, 8 schizophrenia, 9 cocaine-induced paranoia, 10 alcoholism, 11 the severity of alcohol withdrawal, 12, 13 and Parkinson's disease. 14, 15 A recent study has shown an association between the 9-repeat allele of this VNTR and reduced DAT protein availability in vivo as measured by SPECT imaging. 16 Although these studies have employed the use of the VNTR polymorphism within exon 15 of DAT, there are no data to indicate an actual effect of the VNTR on gene function. Thus, it is likely that this polymorphism is not the functional variant itself, rather that it is in linkage disequilibrium with the actual pathological variant that lies elsewhere within the gene.
Linkage disequilibrium (LD) occurs in populations as a consequence of mutation, selection of single or linked alleles, random genetic drift, and population admixture, and it decays at a rate proportional to the recombination fraction between the two loci in LD and the number of generations since the establishment of LD. 17 The patterns of variation thus created across the genome, and even within a particular gene, can be used to map genes contributing to complex genetic disorders. Studies of LD using single nucleotide polymorphisms (SNPs) may provide a powerful alternative to linkage analysis using microsatellite markers in determining the significance of a candidate gene in a particular disorder, since SNPs are more abundant and much less prone to mutation than microsatellites. Multi-allelic haplotypes comprised of SNPs are more informative than individual SNPs, comparable to microsatellite markers, and may prove to be extremely useful in determining the significance of a candidate gene in a particular disorder, as well as helping to narrow down the region of interest at a disease locus. However, the utility of such haplotypes may only be maximized when the LD relationships between the SNPs are taken into account.
Several attempts have been made to characterize the variation within the DAT gene and to use the resultant SNPs to assess association with disease. 5, 18, 19 We have previously reported the analysis of 14 SNPs that span the gene from the distal promoter through the 3Ј UTR in a study of LD between DAT and bipolar disorder, which implicates the 3Ј end of DAT as the region of interest. 19 This study illustrates the inherent strengths and pitfalls of such LD studies using SNPs and SNPbased haplotypes and highlights the utility of characterizing the LD relationships between SNPs prior to assessing association with disease. We now report the analysis of these same 14 SNPs and the 3Ј VNTR to assess their LD relationships and to characterize the pattern of LD across the gene. We have also included in these analyses seven microsatellite markers in the vicinity of DAT to further extend the regional pattern of LD. Taken together, these data define a region within the 3Ј end of DAT possibly containing a regulatory variant that may play a role in multiple disorders. Knowledge of this LD structure across the gene may be essential for the successful identification of this variant.
Materials and methods

Subjects
A sample of 50 parent-offspring triads was chosen from the UCSD/UBC/UC family collection and Old Order Amish pedigree 110. Each triad was a subset of a more extended family that was ascertained as part of a multisite linkage study of bipolar disorder, which included collaborative sites at the University of California at San Diego, the University of British Columbia, and the University of Cincinnati. All subjects provided informed consent per local IRB approved procedures prior to participation. Blood was obtained from all subjects for the immortalization of lymphoblastoid cell lines, and DNA was prepared by phenol/chloroform extraction from cultured cells. An additional 70 triads were chosen from the NIMH Genetics Initiative for Bipolar Disorder collection. One triad was selected from each family for a total of 120 triads deriving from 120 separate families. All subjects for this study were Caucasians of northern European descent.
Genotyping and haplotype determination
Genotyping of the triads for these SNPs was accomplished by allele-specific PCR (AS-PCR), in which primers were designed to specifically amplify the reference allele or its variant in separate PCR reactions. Whenever possible, SNPs were combined in double-ended AS-PCR reactions to generate haplotyped markers, as was the case for the following SNPs: I1+1036/I1+1735, I1+1859/I1+1860/I2+28, and E9+59/I9+102. The triads were also genotyped for the 40-bp VNTR in the 3Ј untranslated region of exon 15.
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The primer sequences, methods and specific reaction conditions for SNP and VNTR genotyping have been previously reported. 19 Seven microsatellite markers in the vicinity of the DAT gene were chosen for LD analyses: D5S2005, D5S678, D5S2488, D5S392, D5S417, D5S1980, and D5S2849. D5S678 has been localized to approximately 25 kb 3Ј of DAT. 5 NCBI map viewer coordinates (www.ncbi.nlm.nih.gov) indicate that these markers span a 2.5-Mb region of chromosome 5pter in the following order, telomeric to centromeric: D5S2005 -D5S678 -DAT 3Ј → 5Ј -D5S2488 -D5S392 -D5S417 -D5S1980 -D5S2849. The PCR reactions for the genotyping of these markers were assembled as follows: 50 ng of genomic DNA, 0.5 M of each primer, 250 M dNTPs, 33.5 mM Tris pH 8, 25 mM KCl, 2.5 mM MgCl 2 , 8.3 mM (NH 4 ) 2 SO 4 , 0.85 mg ml −1 BSA, and 0.05 or 0.1 units of AmpliTaq Gold (Perkin-Elmer Applied Biosystems, Foster City, CA, USA) in a total volume of 20 l. Forward primers were labeled with one of three fluors. Thermocycling was performed using a PTC-200 thermocycler from MJ Research (Waltham, MA, USA) with one of two cycling conditions. A modified touchdown protocol was used for D5S2488, D5S392, D5S678, and D5S417 with an initial 10 min denaturation at 95°C followed by 20 cycles of 1 min denaturation at 94°C , 1 min primer annealing (temperature starting at 65°C and decreased by 1°C every two cycles), and 1 min primer extension at 72°C with a final extension of 30 min at 72°C. 21 The remaining three markers were amplified using the following conditions: initial denaturation at 96°C for 10 min followed by 35 cycles of 1 min denaturation at 96°C, 1 min primer annealing at 55°C, and 1 min primer extension at 72°C with a final extension at 72°C for 30 min. PCR products were separated by electrophoresis and detected using an ABI 377 and Genescan software 3.0 (Perkin Elmer Applied Biosystems). Multiple markers with different fluors in different molecular weight ranges were pooled, along with a molecular weight standard, for multiplex detection of two to four markers per lane. All genotypes were read in a machine-assisted fashion using Genotyper software 2.0 (Perkin Elmer Applied Biosystems). Standard DNA samples were used for consistency of correct allele assignment. An average of ten alleles was observed for these markers, of which, on average, four had a parental frequency greater than 10%.
Following genotyping, complete haplotypes comprised of all 14 SNPs and the VNTR were constructed for each individual using linkage phase data obtained from the AS-PCR and parent-offspring relationships. These haplotypes could be conclusively determined in most cases. In ten of the families, however, phase could not be unequivocally inferred for one SNP (I6+96). Therefore, haplotypes were constructed for the remaining 13 SNPs and the VNTR, and the I6+96 SNP was excluded from analyses in these cases. Haplotypes were also determined for the microsatellite markers using parent-offspring relationships. On average, linkage phase could not be resolved for one family per marker. All of the SNPs and markers were found to be in Hardy-Weinberg equilibrium in the population studied.
Linkage disequilibrium analyses
Parental gametic haplotypes were used for calculations of LD for the 14 SNPs, the 3Ј VNTR, and the seven microsatellites. In order to simplify calculations, only the 9 and 10-repeat alleles of the VNTR, which were observed in all but three parental haplotypes, were included in the analyses. The standardized, pairwise disequilibrium value DЈ was chosen for calculations of LD for its independence of allele frequency. 22 The widely used coefficient of disequilibrium, D, is the difference between the observed haplotype frequency and the frequency expected under statistical independence. The DЈ measure is a proportion of the maximum value of D, whose range extends from −1 to +1, with −1 and +1 representing complete LD and 0 representing free association. DЈ and the significance of LD were calculated using the GOLD software package. 23 
Results
Degree of genotypic variation
We have previously reported our efforts to detect, quantify, and establish the pattern of sequence variation within the DAT gene. 19 This entailed a screen of the entire coding sequence and the immediately adjacent non-coding sequence, including both 5Ј and 3Ј UTRs, 9.5 kb of flanking intronic sequence, and 2.5 kb of promoter sequence. A reference sequence for comparison purposes was compiled from published sequence and supplemented with sequence generated from a BAC clone of DAT (BACH-278o18, Genome Systems, St Louis, MO, USA). This mutation screen led to the identification of 92 deviations from the reference sequence, which included 25 insertion-deletion polymorphisms and 67 base substitutions, 39 of which were polymorphic among the samples sequenced. The one coding sequence variant identified, an A to G substitution in exon 9, was found to be synonymous, as previously reported.
Of the 39 SNPs identified by the mutation screen, those for further analysis were chosen on the basis of their locations within the gene, the availability of at least one known heterozygote, and the feasibility of unequivocal allele detection by allele-specific PCR (AS-PCR). The 14 SNPs thus chosen for an examination of LD span the gene from the distal promoter through exon 15. The relative positions of these SNPs within the DAT gene are shown in Figure 1 . Their specific positions, as well as their frequencies and observed heterozygosities among the 240 parental genotypes, are indicated in Table 1 . All of the SNP variants were quite frequent within the population studied, with only the I10+117 SNP exhibiting a minor allele frequency less than 15%.
Haplotypic variation and intragenic recombination
Linkage phase data from AS-PCR and parent-offspring relationships were used to construct haplotypes comprised of all 14 SNPs and the VNTR. Figure 2 illustrates the 72 distinct DAT haplotypes observed for the 14 SNPs in 480 chromosomes. The haplotypes are arranged in order of sequence similarity as they appeared in a tree generated by PAUP using the neighbor-joining method, which clusters together the haplotypes that are most similar to each other. 24 The frequencies of the 21 haplotypes that were observed in at least 1% of the chromosomes studied are indicated.
Several features of these haplotypes are evident from this plot. A cluster of sites in the 5Ј region of the gene (promoter through intron 2) partitions the haplotypes into two major clades. Another set of sites in the 3Ј region of the gene (exon 9 through exon 15) further partitions the haplotypes into minor clades within the two major clades. The presence of both minor clades within each of the two major clades reflects a history of intragenic recombination. There also appears to be a greater degree of diversity in the 3Ј region as compared to the 5Ј region, reflecting either more abundant mutation or a greater degree of intragenic recombination in this region.
Of the many haplotypes that could possibly be observed with 14 segregating sites, only a fraction would actually be observed in any given population. In the absence of intragenic recombination or repeated mutation, the maximum number of haplotypes expected for s sites is s+1. The observation of more than s+1 haplotypes for a particular region is an indication of recombination in the history of that section of the gene. Thus, one way to demonstrate intragenic recombination is through the use of a graph with a sliding window to show five consecutive sites at a time and the number of observed haplotypes for each set of sites ( Figure 3) . In this case, more than six haplotypes were observed for all sets of five sites, indicating intragenic recombination has occurred throughout the DAT gene. However, fewer haplotypes were observed for windows 1 through 3, corresponding to the 5Ј region of DAT (promoter through intron 6), as compared to the rest of the gene, indicating a relatively lower level of recombination within this region. The 3Ј region of Relative frequency among parental genotypes of the more common allele.
c Only the two most common alleles of 9 and 10 repeats were included in analyses.
the gene (exon 9 through exon 15) exhibits a greater degree of diversity and thus a greater number of haplotypes for windows 8 through 10, which is indicative of a higher recombination rate in this region. The dramatic increase in haplotypes observed for windows 4 through 7, which are comprised of both 5Ј and 3Ј SNPs, is suggestive of a recombination hotspot somewhere in the middle of the gene. The observed increase in haplotypes for windows 4 through 6, each of which span approximately 30 kb, may also reflect the relatively large regions encompassed by these windows compared to those comprised of SNPs deriving from the same region of the gene. However, this explanation does not account for window 7, which spans only 10 kb and exhibits 15 haplotypes for the five SNPs from intron 6 through intron 10. Window 3, on the other hand, spans a region twice as large as that of window 7, and exhibits slightly more than half the number of haplotypes for the five SNPs from intron 1 through intron 6. This observation that the I6+96 SNP in combination with the 3Ј SNPs results in substantially more haplotypes than it does in combination with the 5Ј SNPs, despite the reduced area encompassed, is consistent with a recombination hotspot 3Ј of this SNP.
Another way to infer that at least one recombination event took place between two sites in the history of the sample is to use the 'four-gamete' test, a two-site analog to Figure 3 . 25 According to the infinite-sites model, the mutation rate for any site is infinitesimal, so at most one mutation event can occur at that site in the history of the sample. Therefore, for a given pair of sites, there can be at most four gametic types in the population. Each site may mutate once to generate three gametic types, but since the model does not allow for back or recurrent mutation, the fourth gametic type can only be present in the population if at least one recombination event has occurred between the two sites. Figure 4 shows the site pairs of SNPs for which all four gametes were present in the sample of 480 chromosomes. The distribution of such site pairs indicates that intragenic recombination is likely to have occurred throughout the DAT gene. In this sample, only nine of the 91 site pairs were found to be in complete LD with fewer than four gametes present, five of which sites involved the I10+117 SNP, which exhibited a minor allele frequency of approximately 6%.
Linkage disequilibrium
Despite the apparently abundant intragenic recombination, a great deal of linkage disequilibrium exists among the site pairs within the DAT gene. Figure 5 shows the results of the pairwise tests in a plot of DЈ vs distance for pairwise comparisons between all sites, indicating those site pairs that exhibited significant disequilibrium. These analyses revealed 23 site pairs within DAT to be in complete disequilibrium with DЈ values greater than 0.95. In general, DЈ values greater than 0.3 were observed between the seven SNPs in the 5Ј region of DAT (promoter through intron 6), as well as between the seven SNPs and VNTR in the 3Ј region (exon 9 through exon 15). With one exception, DЈ values over 0.3 were not observed between site pairs comprised of SNPs from the two different regions.
Calculations of the significance of LD revealed a similar pattern with a high level of significance (P Ͻ 0.00001) observed for nearly all site pairs with DЈ values greater than 0.3 (data not presented). The only exceptions were the same five site pairs involving the Molecular Psychiatry Figure 5 Results of pairwise disequilibrium tests between all site pairs, with DЈ values indicated below the diagonal and distances above the diagonal. Cross-hatched squares represent the two site pairs that were found to be highly significant (P Ͻ 0.00001) with DЈ values below 0.3. Map viewer coordinants for all microsatellite markers, arranged centromeric to telomeric, are indicated, as well as the estimated positions of the DAT markers. I10+117 SNP that were previously shown to be in complete LD by the four-gamete test. These site pairs show a reduced degree of LD as compared to the surrounding sites, with P values less than 0.001, which likely reflects the lack of power of this SNP to test for LD.
These pairwise LD analyses thus revealed a high level of disequilibrium between SNPs in the 5Ј region of DAT, as well as between SNPs in the 3Ј region, with very little significant LD maintained between these two regions. The segmental pattern of LD thus created extends over approximately 27 kb in the 5Ј region and 20 kb in the 3Ј region. The partitioning of the gene, based on these LD data, seems to be between intron 6 and exon 9, which is consistent with the data presented in Figure 3 .
Within the DAT gene, pairwise DЈ values over 0.5 are observed primarily at distances less than 20 kb. Although significant LD is maintained at distances over 20 kb in some cases, mainly between SNPs deriving from the same region of the gene, it is never observed at distances greater than 30 kb. Thus, LD within DAT appears to drop off rapidly at distances greater than 20 kb, which may reflect the fact that, in many cases, SNPs greater than 20 kb apart derive from the two distinct regions of the gene. It is interesting to note, however, that DЈ values greater than 0.5 are observed for nearly all site pairs separated by less than 20 kb, except site pairs involving the I6 SNP and SNPs from the exon 9/intron 10 region, for which significant LD is not observed. This observation is consistent with a recombination hotspot in the middle of the gene.
Pairwise LD analyses between the markers within DAT and the seven microsatellites revealed DЈ values greater than 0.3 for three site pairs, D5S678/I10+117, D5S678/E15+352, and D5S2005/E15+352, for which P values less than 0.001 were observed. Calculations of the significance of LD also revealed a low level of significance (P Ͻ 0.01) between D5S678 and the seven SNPs in the 3Ј region of DAT, and P values less than 0.05 were observed for comparisons between D5S678 and seven SNPs in the 5Ј region of DAT, as well as between D5S2005 and two additional SNPs in exon 15 (data not presented). Pairwise LD analyses between the microsatellite markers revealed significance only for those markers that map to the same position on the Marshfield genetic map, D5S2849/D5S1980, D5SD5S2488/D5S392, and D5S678/D5S2005, for which P values less than 0.00001 were observed (data not presented). Of these three pairs, only D5S2489/D5S1980 gave a relatively high DЈ value of 0.65, with the other two site pairs exhibiting DЈ values of approximately 0.25.
Discussion
These data shed light on several aspects of the structure and ancestral history of the DAT gene. Analysis of the observed DAT haplotypes reveals a complex structure resulting from both mutation and recombination. A prominent feature is the abundant intragenic recombination that appears to have occurred throughout the gene. The degree of recombination may be increased in DAT relative to other genes due to its telomeric position on chromosome 5. In the absence of recombination or recurrent mutation, gene trees can be drawn to describe the sequence similarities of a series of haplotypes and to delineate the cladistic relationships that reflect the history of the mutations that are likely to have occurred. However, intragenic recombination results in a swapping of gene segments between alleles, which introduces loops into the tree such that it no longer maintains a branched cladistic structure. Thus, the high degree of recombination observed within the DAT gene precludes any efforts at meaningful gene tree construction.
Despite the apparently abundant recombination, a high degree of linkage disequilibrium persists within the gene. This preservation of LD is best exemplified by the 5Ј region of the gene, for which the raw haplotype data reveal the presence of two distinct clades of haplotypes with little recombination between them. Since the majority of SNPs in this region derive from the known regulatory regions of the promoter and intron 1, it is interesting to speculate whether a functional difference exists between these two clades that, through the action of selection, has served to maintain them in the population. 26 Substantial LD is also present within the 3Ј region of DAT, however, more recombination has occurred in this region to generate a greater degree of diversity. Even in the presence of greater diversity, two clades still exist in this region, once again raising the possibility of a functional correlation and the action of selection in preserving these clades in the population. It is noteworthy that one of these clades segregates with the 10-repeat allele of the 3Ј VNTR that has been implicated most notably in ADHD and bipolar disorder, while the other clade segregates with the 9-repeat allele, which has been associated with reduced DAT protein availability, cocaineinduced paranoia, and increased severity of alcohol withdrawal. This further suggests the presence of a functional element in the 3Ј region of the gene, alternative variants of which segregate with each of the clades and may contribute to different disorders.
Another striking feature of DAT is the relative lack of LD between SNPs in the 5Ј region and SNPs in the 3Ј region, for which there are several possible explanations. This observed segmental distribution of LD may reflect selection for two functionally distinct regions in the gene. Alternatively, this pattern of LD may have been generated by a recombination hotspot located in the middle of the gene, at which numerous recombinations in the history of DAT have served to effectively unlink the two end regions. As VNTRs have Molecular Psychiatry been speculated to be hotspots for recombination, such recombination events may have occurred within intron 8 where a highly polymorphic, large-allele VNTR has been tentatively mapped. 27 The suggestion of a midgene recombination hotspot is supported by several lines of data indicating increased recombination between SNPs deriving from intron 6 and exon 9. Although the region spanned by these two SNPs is relatively small, less than 10 kb, significant LD is not maintained. This is in contrast to pairwise comparisons between the I6+96 SNP and those deriving from the promoter and intron 1, which exhibit a high degree of LD (P Ͻ 0.00001) over distances of 23-27 kb. These observations, however, are highly dependent on one SNP in intron 6, which, despite its relatively high frequency in the population, may not be entirely representative of other SNPs in the region.
A final possible explanation for this segmental LD pattern, that LD simply decreases with increasing distance across the DAT gene, likely oversimplifies the actual situation. Although LD is observed to drop off rapidly at distances greater than 20 kb, these distances are mainly observed between SNPs deriving from the two distinct regions of the gene. However, these results, as with the results of any LD study, are dependent upon the markers chosen for analysis. One factor that may have contributed to these results is the somewhat uneven distribution of the SNPs in this study arising from several factors, the foremost being the availability of SNPs, which were found clustered in certain regions of the gene. SNPs for analysis were chosen based on certain criteria that were met by only 14 of the 39 available SNPs. Thus, the identification and analysis of additional SNPs, especially in the middle region of the gene, may be necessary to more finely resolve the LD pattern across the gene, as well as to delineate its cause.
Although these data clearly indicate the presence of considerable population structure within the DAT gene, these results must be qualified, since the parents of affected offspring were used for the analyses of LD. However, similar results would likely be obtained from parent-offspring triads that did not segregate bipolar disorder. The parents are potential carriers of an allele associated with bipolar disorder, but the nontransmitted alleles should be representative of the general population. In addition, if a mutation that predisposes to bipolar disorder is present in the DAT gene, it will most likely be associated with a subset of one or more common haplotypes that are present in the population and shared by many normal, as well as affected, individuals. Since most of the SNPs have allele frequencies of greater than 15% in the sample surveyed, they are likely to be very ancient and thus represent common alleles in the population. Therefore, the use of parents of affected offspring to evaluate the degree of linkage disequilibrium within DAT should give a valid description of the structure of the gene.
The complex pattern of variation observed for the DAT gene suggests that association studies using mark-ers chosen at random from polymorphic sites even within the gene may not be reliable for the detection of nearby causal variation. These data highlight the necessity of characterizing the gene of interest in a representative group of individuals prior to the beginning of an association study, and choosing a subset of sites that are representative of the disequilibrium structure of variation in the gene. The presence of two distinct regions within DAT suggests that studies of this gene would best be conducted using haplotypes comprised of SNPs deriving from each region of the gene separately, as haplotypes spanning these regions may be uninformative. This haplotype-based LD strategy has allowed us to restrict the region of association to bipolar disorder to the 3Ј end of DAT. 19 The use of high density SNP maps and haplotypes in LD studies has been the focus of much recent attention, and these data illustrate an important point regarding these methods. SNPs may be superior markers for the detection of LD because of their lower mutation rate and greater abundance as compared to microsatellites. However, the magnitude of LD may vary greatly from marker to marker in the vicinity of a disease locus according to a range of factors, including the proximity of the marker to the disease locus, early recombination events, the distribution of marker allele frequencies in the founder population, selection, and random genetic drift. Thus, LD relationships between SNPs may be quite complex, and their utility for disease mapping may only be fully realized when this is taken into account.
A comparison of the recently elucidated LD structures of the LPL and ATM genes supports the notion that LD varies greatly across the genome. The LPL gene exhibits an even higher level of intragenic recombination than DAT and a subsequently complex structure over a 9.7-kb region. 28 This is in stark contrast to the ATM locus, which displays a remarkable lack of recombination with a pattern of LD that extends over 142 kb. 29 Although the use of such candidate genes in association studies may be an important strategy in the detection of genes contributing only a portion of the overall susceptibility to the development of complex diseases, knowledge of the LD structure and intermarker relationships is essential to the design and efficacy of future studies of these genes.
